new cultivars have not yet been investigated.
In this study, four representative cultivars of C. oleifera fruits were collected from six different places. The lipid characteristics such as oil content, fatty acid, triacylglycerol, tocopherol and sterol composition of COSO of these C. oleifera fruits and seeds were investigated.
Materials and Methods

Plant materials
In the present study, nine C. oleifera seed samples of four different cultivars, such as Ganzhouyou-1 GZY-1 , Changlin-40 CL-40 , Yuekexia-2 YKX-2 , and a wild species were used. All samples were supplied by Ganzhou Camellia Association in China. Among them, CL-40 fruits were collected from six major C. oleifera producing regions in China, namely Fujian Longyan, Guangdong Heyuan, Guangxi Baise, Jiangxi Ganzhou, Jiangxi Yichun, and Hunan Chenzhou. The other three cultivars of C. oleifera fruits were collected from Jiangxi Ganzhou. Information related to geography and weather of these locations is shown in Table 1 . These fruits were collected during October 2017. All C. oleifera fruits were dried under sunlight for one week, and the seeds were separated and collected. Each fruit contained 2-7 seeds, which were also dried under sunlight for a week. About 1 kg of seed samples was stored in the refrigerator, until the oils were extracted. The detailed information of C. oleifera samples weight and diameter of C. oleifera fruits; weight, size, moisture content, oil content, and ratio of the kernel to C. oleifera seeds are shown in Tables 2 and 3.
Reagents
The standards of authentic fatty acid methyl esters, tocopherols, sterols such as lanosterol, β-amyrin, ergosterol, 5α-cholestan-3β-ol and squalene were purchased from Sigma-Aldrich St. Louis, MO, USA .
Diethyl ether, n-hexane, chloroform, acetone, acetonitrile, methanol, 2-propanol, and other chemicals were purchased from Wako Pure Chemical Co. Osaka, Japan . All chemicals were of analytical or HPLC grade.
Properties of fruit and seed samples
Ten fresh C. oleifera fruits and ten dried seeds were randomly picked. The weight and diameter of fruits and the weight, the ratio of the kernel to the seed, and the moisture of the seeds were measured 19 .
Oil extraction
All the seed samples were pulverized by a powerful laboratory grinder. Fifty grams of crushed seeds were soaked in 250 mL n-hexane for 3 h and filtered, and then the residue was re-extracted once again by 250 mL n-hexane. The n-hexane extract was combined and washed three times with water and then dehydrated by adding anhydrous sodium sulfate overnight. The solvent was removed by rotary evaporation, and the oil samples were stored at 20 in a freezer until analysis.
Fatty acid composition
Fatty acids from each COSO sample were methyl esterified according to the JOCS method boron trifluoridemethanol method 20 . The methyl esters of fatty acids were separated using a GL Sciences GC-4000 Plus Tokyo, Japan gas chromatograph coupled with a flame ionization detector 21 . The following experimental conditions were employed: capillary column, CP-Sil 88 0.25 mm 60 m, 0.25 μm, Agilent ; carrier gas, N 2 ; column temperature, 140 2 min hold to 180 at 4 /min and 180 to 225 at 2 /min 30 min hold ; flow rate, 1 mL/min; injection volume, 1 μL; split ratio, 1:50; injection temperature, 240 ; and detector temperature, 240 . Each fatty acid was identified by comparing the retention time of the fatty acid with its authentic standards.
Triacylglycerol composition
The triacylglycerol TAG composition was determined using a Jasco CO-965 HPLC system Tokyo, Japan equipped with a Showa Denko Shodex RI-71 refractive index detector Tokyo, Japan 22 . Five hundred milligrams of the oil samples were dissolved in acetone up to a volume The weather average values (1981-2010) were obtained from China Meteorological Administration 35) . of 10 mL, and 20 μL of the sample solution was injected into the HPLC instrument. TAG molecular species were separated with a Develosil C30-UG-5 column 4.5 mm 250 mm, Nomura , and the mobile phase consisted of a mixture of acetone and acetonitrile 7: 3, v/v at 1.0 mL/min at 30 . The triacylglycerol molecules were identified using soybean oil triacylglycerol Nisshin Oillio, Japan as a standard.
Tocopherol
Tocopherol isomers were analyzed by the JOAC method using HPLC 23 . Tocopherol isomers were separated using a Jasco HPLC system Tokyo, Japan consisting of a Jasco CO-1580 pump and a Jasco FP-2020 PLUS spectrofluorometric detector. One gram of each oil sample was placed in a 10 mL volumetric flask and dissolved in n-hexane. The injection volume was 10 μL. Tocopherol isomers were separated with a Shodex column 5SIL-4E 4.6 mm 250 mm, Showa Denko using a mobile phase comprised of a mixture of n-hexane and 2-propanol 997:3, v/v at a flow rate of 1.0 mL/min. The column temperature was maintained at 40 . Tocopherols were detected at an excitation wavelength of 298 nm and an emission wavelength of 325 nm. The content of tocopherol was calculated using α-, β-, γ-, δtocopherol standards.
Sterol analysis
The sterol composition was determined by GLC method 24, 25 . One gram of oil sample was saponified with 10 mL of 1 M potassium hydroxide in methanol at 80 for 1 h in a glass-stoppered test tube, and then 1 mg of 5 α-cholestan-3β-ol was added as an internal standard. After cooling to room temperature, 30 mL of boiling water was added, and the unsaponifiable matter was extracted 3 times with 20 mL of diethyl ether. The combined diethyl ether fractions were washed 3 times with 6 mL water. Then, sodium sulfate was added and incubated overnight. The diethyl ether layer was filtered and concentrated with a rotary evaporator. Finally, the unsaponifiable matter was dissolved again in chloroform at a concentration of 0.1 mg/ mL and stored at 20 until analysis.
The unsaponifiable molecules were analyzed using a Shimadzu GC-MS-QP2010 Ultra gas liquid chromatograph Kyoto, Japan . The following experimental conditions were maintained: column, VF-1701 ms 30 m 0.25 mm, Agilent ; injection temperature, 300 ; column temperature, 280 ; carrier gas, He; injection volume, 1 μL; MS ion source temperature, 200 ; interface temperature, 250 ; scan range, m/z 20-440; and event time, 0.4 sec. Lanosterol, β-amyrin, and squalene were identified with their respective chromatographic standards, and the other unsaponifiable molecules were identified through matching with their mass spectra from the NIST library. All unsaponifiable molecules were quantified by comparing the peak area of each peak with the peak area of the standard 5α-cholestan-3βol.
Statistical analyses
All the experiments were carried out in triplicate. Statistical analyses were performed using SPSS 25.0 IBM, USA , and values were expressed as the mean standard deviation SD . One-way analysis of variance ANOVA , followed by Tukey s multiple range tests were performed for comparing the difference between the means of each group. The difference between the means was considered significant when p was less than 0.05.
Results and Discussion
Properties of C. olefera fruits and seeds
Tables 2 and 3 represent the traits and compositions of nine samples of C. oleifera fruits and seeds, from different cultivars and regions, respectively. The oil content in C. oleifera seeds ranged from 11.6 YKX-2 to 29.6 wild species , and it depended on the C. oleifera cultivars. The oil content in C. oleifera seed was similar to the oil content in olive 26.5 -33.8 except for YKX-2 26 . The oil content in C. oleifera seed is closely related to the ratio of the kernels to the seeds. Higher kernel content represented higher oil content. In the same cultivar, the size and weight of the fruits were almost the same. As the size of the fruits and seeds affected drying speed, the moisture content varied among all the seeds. However, keeping the moisture factor aside, the small fruit still possessed higher oil content. Furthermore, the planting region affected the oil content in the seed. The cultivar CL-40 from Jiangxi Yichun, with high latitude northern hemisphere or cold region, showed high oil content 27.1 . CL-40 was from the western region Guangxi Baise with less rainfall, whose oil content was not significantly different from the crops in the other regions.
The cultivar of the C. oleifera seeds determined their oil content, although several reports indicated that environmental factors, such as soil, elevation, temperature, and rainfall could affect oil content in Camellia seed 27 .
Fatty acid composition
Fatty acid composition of COSOs from different cultivars and regions is shown in Tables 4 and 5, respectively. The oleic acid 18:1 content in COSOs reached 76.3 to 80.5 , which were the same or higher than that in olive oil, while the saturated fatty acid content in COSOs was less than that in olive oil.
COSO also contained palmitic 16:0 , stearic 18:0 , linoleic 18:2 and palmitoleic acids 16:1 . Moreover, trace amount of α-linolenic acid 18:3 and eicosenoic acid 20:1 were detected. All seed oil samples contained similar types of fatty acid constituents but their contents were different. Linoleic acid 18:2 content in GZY-1 was significantly higher than those in other cultivars, while palmitic acid 16:0 content in YKX-2 was significantly higher. The fatty acid composition in seed oil samples also depended on planting regions. COSO from Guangdong Heyuan on low latitude northern hemisphere or warmer region showed lower oleic acid 18:1, 78. 9 and higher linoleic acid contents 18:2, 9.7 . The obtained results agreed with the previous reports for olive oil 28 . As the temperature of planting region was higher, the oleic acid 18:1 content was less, and the contents of palmitic 16:0 and linoleic 18:2 acids were increased.
COSO contained high levels 86.8-89.6 of unsaturated fatty acids UFA and low levels 10.3-12. 9 of saturated fatty acids SFA . The most abundant UFA in COSO is monounsaturated fatty acid MUFA 76.8-81.0 , while the content of polyunsaturated fatty acid PUFA is low 8.6-12.5 . This observation suggests that COSO may have high oxidative and thermal stabilities. As mentioned earlier, the fatty acid composition of COSOs depend on the cultivar of C. oleifera, although the planting region affects a little.
Triacylglycerol composition
Triacylglycerol composition is related to the physical properties of oils, and their health functions in human 29 . Tables 6 and 7 shows the triacylglycerol composition of each COSO. Major triacylglycerol molecular specie of COSOs was trioleoylglycerol OOO 51.4 -60.1 because of high oleic acid content. Dioleoyl linoleoyl glycerol OOL and dioleoyl palmitoyl glycerol POO level in GZY-1 were 16.9 and 10.5 , while those in YKX-2 were 13.9 and 17.5 , respectively. COSO from warmer regions contained less OOO and more OOL and POO than that in other regions. In addition, saturated triacylglycerols, such as tripalmitoylglycerol PPP , tristearoylglycerol SSS , dipalmitoyl stearoyl glycerol PPS , and distearoyl palmitoyl glycerol PSS were not found in COSOs, so that the melting point of COSO could be relatively low.
Tocopherol content
Tocopherols are present in minor quantities in edible oils; α-, β-, γ-, and δ-tocopherols and their homologs tocotrienols are the natural occurring tocopherols. However, only α-tocopherol was detected in COSO, as shown in Fig.  1 . The content of tocopherol in COSOs ranged from 21.2 mg/100 g to 36.4 mg/100 g, which was less than that in most other edible oils 30 . Cultivar GZY-1 and the wild species showed the highest tocopherol content. Interestingly, their oil contents were also the highest among the nine samples. C. oleifera seed collected from Jiangxi Yichun showed the highest contents of oil and tocopherol. However, no correlation was found between tocopherol and oil content. Tocopherol contents in the C. oleifera seeds were also different among different cultivars and planting regions. The tocopherol content in wild species seed 10.8 mg/100 g was three times higher than that in YKX-2 seed. For the same cultivar, the tocopherol content in C. oleifera seed from Jiangxi Yichun northern region was 1.5 times higher than that from the Guangdong Heyuan southern region .
Sterol and squalene composition
Phytosterol is the main unsaponifiable matter in edible vegetable oils. It has various bioactive properties, such as serum cholesterol and low-density lipoprotein LDL cholesterol-lowering 31 , anti-inflammatory, antimicrobial and antioxidant activities 32 . Furthermore, the sterol profile can be used to identify the types of edible oils 33 . Tables 8 and  9 show the composition of squalene and sterol in COSO from different cultivars and regions, respectively. Total sterol content ranged from 281.3 mg/100 g wild species to 684.8 mg/100 g YKX-2 ; total sterol content in COSO depended on cultivar and planting region. A negative correlation R 2 0.81 was found between the contents of total sterol and oil in C. oleifera seed.
Among the sterols, lanosterol, β-amyrin, and 7-stigmas- tanol were the main components, and they accounted for about 70 of the total sterol in COSOs. The sterol composition of COSO was different from that of other vegetable oils. Squalene, the precursor of phytosterol was found in COSO. CL-40 planted in Fujian Longyang showed the highest content of squalene 90.3 mg/100 g , while wild type planted in Jiangxi Ganzhou showed the lowest content 5.2 mg/100 g . In previous studies, C. reticulata showed relatively high genetic diversity 34 . Lanosterol and ergosterol as mainly found in animal and fungi were detected in COSOs. Table 8 also shows the squalene and sterol contents in C. oleifera seeds of different cultivars. Cultivar YKX-2 79.4 mg/100 g and wild species 83.3 mg/100 g showed the lowest content of sterol and squalene, although they displayed different oil content in seeds. Conversely, total sterol and squalene contents in C. oleifera seeds from Guangxi Baise 149.4 mg/100 g and Fujian Longyan 137.7 mg/100 g were the highest, though they were planted in different regions Table 9 . Planting region did not almost affect the sterol synthesis in C. oleifera seeds.
These observations suggest that C. oleifera can be a plant with high biodiversity and environmental adaptability.
Conclusions
In this study, nine C. oleifera fruits from different cultivars were collected from different planting regions, and a comparative analysis was conducted on the lipid characteristic of these C. oleifera seed samples. The oil content of C. oleifera seeds varied among cultivars and planting regions. All COSOs contained more than 76 of oleic acid 18:1 of total fatty acids, and OOO accounted for more than 50 of total triacylglycerol. Only α-tocopherol was detected in all COSOs, but its content depended on the cultivar and planting region. The main components of sterol compositions in COSOs were lanosterol, β-amyrin, and 7-stigmastanol, and they were different from those in other most popular vegetable oils, such as soybean oil, rapeseed oil, and palm oil. These results suggest that the cultivar and planting region can influence some of the lipid characteristics of C. oleifera seeds, including oil content, tocopherol content and sterol composition, while the cultivars and planting regions did not almost affect the fatty acid and triacylglycerol compositions of COSOs. Table 9 Sterol and squalene composition mg/100 g of COSO and C. oleifera seed from different regions. The data in parentheses ( ) were from C. oleifera seeds.
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